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articular cartilage.
Methods: Human articular cartilage was donated by patients under-
going hip or knee replacement surgery. Tissue was cut with a biopsy
punch obtaining disks of 4 mm of diameter and approximately 2-3 mm
height. Cartilage disks were kept in DMEM supplemented with 10% FBS,
1% P/S and stimulated with 5 ng/ml of IL1b (except for the control
condition) and either 200 or 1000 mMof NaHS or GYY4137 (6 conditions
in total, 2 disks per condition). Media was changed, including stimuli, at
3, 7 and 14 days and stored at -80C. After 14 days, the cartilage disks
were used for either tissue histology (hematoxylin/eosin, H/E; Mason’s
trichrome, MT; safranine-orange, S-O; Alcian blue-PAS, AB-PAS; and
toluidine blue, TB); inmunohistochemistry (chondroitin sulfate, CS;
keratin sulfate, KS; aggrecan, Ag; and matrix metalloproteinase 13,
MMP13) or glycosaminoglycans (GAGs) quantiﬁcation (Blyscan kit)
directly on the collected supernatants and on the recovered tissue disks
after papain digestion.
Results:With H/E, no cell morphology differences were detected. There
was no presence of cell death or damage in any of the tested conditions.
MT stain demonstrated no differences in terms of collagen content.
With the S-O stain a severe loss in sulfated GAGs was evident in the IL1b
condition, particularly in the superﬁcial layer. This was less pronounced
in the 200 mMNaHs and GYY4137 treated conditions, while 1000 mMdid
not seemvery effective in preventing the IL1b effect. A similar trendwas
seen with the TB stain for tissue proteoglycans. With the AB-PAS stain,
the IL1b condition showed loss of both glycopolysaccharides and acid
mucopolysaccharides while the NaHS and GYY4137 conditions lost the
PAS stain (loss of glycopolysaccharides) while keeping the AB stain (acid
mucopolysacharides); 200 mM concentration being better than 1000
mM, for both H2S donors. On the immunohistochemistry, KS positivity
was partially lost on the IL1b condition and both 1000 mM NaHS and
GYY4137 showed the highest levels of positivity together with the basal
condition. Aggrecan positivity was only detected on the basal and 1000
mMH2S donors conditions. And MMP13 positivity was only seen on the
IL1b stimulated tissue. With the GAG quantiﬁcation kit we observed a
marked reduction in the GAGs content on the IL1b treated cartilage
disks, together with an increase in the GAGs released to the super-
natant, with respect to the basal condition. Supplementation with H2S
donors led to both an increase in tissue GAGs content and a reduction in
supernatant GAGs release, respectively. Differences were statistically
signiﬁcant for 1000 mM NaHS and 200 mM GYY4137.
Conclusions: Collectively through tissue histology, immunohis-
tochemistry and biochemical GAGs quantiﬁcation we observed a ben-
eﬁcial and protective effect of H2S donors to preserve matrix
proteoglycans and other structural proteins after IL1b stimulation, by
partially reducing or reversing IL1b-induced loss of matrix components
in cartilage tissue.
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INFRAPATELLAR FAT PAD IN THE KNEE AND ITS ASSOCIATION WITH
CARTILAGE DEFECTS AND BONE MARROW LESIONS
M. van Middelkoop y, T. Winzenberg z, G. Jones z, C-h. Ding z. y Erasmus
MC Med. Univ., Rotterdam, Netherlands; zMenzies Res. Inst., Hobart,
Australia
Purpose: Recent studies have emphasized the potential inﬂammatory
role of the infrapatellar fat pad (IPFP) in knee osteoarthritis (OA) and its
potential as a source of pain in an older population. It could therefore be
hypothesized that patients with signs of knee OA, especially of the
patellofemoral joint, could have an increased size of the fat pad com-
pared to patients without knee OA. Therefore, the aim of our study was
to describe the cross-sectional association between IPFP maximum area
and early signs of knee OA in a younger or middle aged study
population.
Methods: Study selection Participants were selected from a case control
study, where half were the adult children (offspring) of patients who
had a knee replacement performed for primary knee OA at any Hobart
hospital in 1996-2000 and half were age-and sex-matched controls
randomly selected from the State Electoral Roll, a comprehensive listing
of the population. 320 Participants, with a mean age of 45,3 (SD 6.5)
years, body mass index (BMI) 27 (SD 6.4) and 59% females were used for
analyses.Data collection and transfer
T1/T2-weighted fat suppressed magnetic resonance imaging was used
to assess IPFP maximum area, cartilage volume, cartilage defects and
bone marrow lesions (BMLs).
Data analyses
Linear and logistic regression analyses were applied to assess the
association between cartilage volume, cartilage defects, BMLs and the
maximum IPFP area. All analyses were adjusted for tibial bone area
(cm2), age, gender, BMI, case control status and associations are
expressed in odds ratio (OR) for dichotomous outcomes and Beta (b) for
continuous outcomes with 95% conﬁdence intervals (95%CI).
Results: Maximum IPFP area was not associated with cartilage volume
in the patella, medial and lateral tibiofemoral sites. The IPFP maximum
area was signiﬁcantly associated with both lateral tibial (OR 0.62, 95%CI
0.43-0.88) and lateral tibiofemoral cartilage defects (OR 0.71, 95%CI
0.51-0.99), but not with medial tibiofemoral cartilage defects (OR 0.82,
95%CI 0.59-1.15). The maximum IPFP area was signiﬁcantly and pos-
itively associated with both the maximum BML area of the inferior (b
0.03, 95%CI 0.002-0.056) and superior patella (b 0.03, 95%CI 0.002-
0.056), but negatively associated with maximal BML area of the lateral
femur (b -0.06, 95%CI -0.13-0.002).
Conclusions: The IPFP maximum area is associated with decreased
lateral tibial cartilage defects and lateral femoral BMLs but increased
patellar BMLs, suggesting that IPFP size may have opposite effects on
structural changes at patellar and tibiofemoral sites in this middle-aged
population. The underlying reasons for these differential effects are
unclear.
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THE BIO-MECHANO-REACTOR: DESIGN AND EVALUATION OF A
NOVEL TOOL FOR OSTEOARTHRITIS RESEARCH
T. Struik, S.C. Mastbergen, F.P. Lafeber. Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands
Purpose: In-vivo as well as in-vitro osteoarthritis studies have their
advantages and disadvantages. A novel ex-vivo/in-vitrowhole joint bio-
mechano-reactor (ﬁgure 1A) allowing individual modulation of multi-
ple biochemical and biomechanical conditions in a whole canine stiﬂe
joint was developed and evaluated. The joint without muscle tissues
but with intact bone-cartilage interface, including ligaments, is trans-
ferred to the device providing a controllable mechanical and biological
environment. The present study describes the ﬁrst prototype validating
feasibility of biochemical and biomechanical conditions for whole joint
culturing.
Methods: Using healthy canine stiﬂe joints, experiments were per-
formed to validate the joint isolation protocol (n ¼ 3) and assess the
feasibility of whole joint culture in a custom made bioreactor (ﬁgure
1B). Proteoglycan (PG) turnover (synthesis, release, and content)
determined by 35sulphate incorporation and Alcian Blue analysis was
used as read out. Contralateral cartilage was immediately harvested,
cultured in vitro and used as control samples. Furthermore, tibio-fem-
oral kinematics (VisualEyez 3D, PhoeniX Technologies Inc, Burnaby,
Canada), intra-articular contact pressures (ﬁgure 1C, Fuji Prescale ﬁlm,
Fujiﬁlm, Valhalla, NY) and external joint loads to provide kinematics as
present in vivo (n ¼ 6) were evaluated.
Results: Isolation procedures (table 1A) demonstrated a non-disturbed
PG turnover relative to their in vitro cultured control samples. Static
whole joint culture (table 1B) revealed a lower PG synthesis rate
(2.91.3 vs 15.32.1, p < 0.001) but no change in release or content
compared to the in vitro culture. When analyzed in more detail, sam-
ples harvested from the locations with full medium contact during
bioreactor culture showed a 75% lower PG-synthesis rate and a 90%
lower rate of the samples without medium contact compared to the
samples harvested from similar locations cultured in the in vitro setup.
No contaminations due to isolation were experienced. Joint kinematics
were not inﬂuenced by additional axial loads, but a cyclically applied
torque of 0.03-0.04 Nm/kg at the tibial side was found to be needed to
simulate quadriceps contraction during gait. Quasi-static contact pres-
sure measurements demonstrated that a limited medial torque (0.02
Nm/kg) was sufﬁcient to approach physiological contact pressures.
Conclusions: Whole joint culturing is feasible with current setup,
although PG synthesis is decreased, which probably is a reﬂection of the
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axial load (35% BW) results in a feasible representation of physiological
tibio-femoral kinematics and contact pressures. Although in develop-
ment, the bio-mechano-reactor provides a completely novel tool to
study cartilage damage and repair in OA.Figure 1. A Bioreactor assembled in biomechanics reproducing setup B
Representation of bioreactor for whole joint culturing C Intra-articular
contact pressure measurementTable 1
PG turnover (meanSD) after preparation and after whole joint culture
A PG synthesis (nmol/h/gr) p<
Joint isolation
Experimental (n ¼ 3) 4.60.8
p ¼ 0.74
Control (n ¼ 3) 4.50.7
B
Whole joint culture:
Experimental (average) 2.91.3
Medium contact 4.61.1
Non-medium contact 1.30.6
p ¼ 0.001
Control (average) 15.32.1
Medium contact 18.52.6 p¼0.001
Non-medium contact 12.01.5 p¼0.001
Table 1
Differences* of T2 relaxation time and WORMS grades by level of physical activity (N ¼
Insufﬁcient – Inactive
T2 Difference* CI (95%)y
Lateral femoral 0.39 (0.26–1.05)
Lateral tibia 0.41 (0.33–1.15)
Medial femoral 0.78 (0.32–1.89)
Medial tibia 0.35 (0.31–1.00)
Patella 0.53 (1,56–0.46)
Average of all compartments 0.14 (0.40–0.68)
Cartilage
WORMS max 0.16 (0.34–0.65)
WORMS sum 0.71 (2.03-0.61)
WORMS sum compartment 0.19 (0.51–0.13)
Meniscus
WORMS max 0.34 (0.03–0.71)
WORMS sum 0.86 (0.15–1.87)
WORMS sum compartment 0.32 (0.02-0.62)
No. of lesions Medial Meniscus 0.37 (0.13–0.87)
No. of lesions Lateral Meniscus 0.20 (0.09–0.51)
BMEP
WORMS max 0.32 (0.01–0.63)
WORMS sum 0.39 (0.39–1.18)
WORMS sum compartment 0.20 (0.07–0.48)
*Differences from least square means, adjusted for age, sex BMI contralateral knee pain an
highest score in any sub compartment. WORMS sum score ¼ sum of individual subcomp
lesions. Bold numbers are statistically signiﬁcant (P < 0.05)643
ASSOCIATION OF PHYSICAL ACTIVITY MEASURED BY
ACCELEROMETER, KNEE JOINT ABNORMALITIES AND CARTILAGE T2
MEASUREMENTS OBTAINED FROM 3T MRI: DATA FROM THE
OSTEOARTHRITIS INITIATIVE
M. Kretzschmar y, W. Lin y, L. Nardo y, G.B. Joseph y, D.D. Dunlop z,
U. Heilmeier y, M.D. Nevitt y, H. Alizai y, C.E. McCulloch y, J.A. Lynch y,
T.M. Link y. yUniv. of California San Francisco, San Francisco, CA, USA;
zNorthwestern Univ., Chicago, IL, USA
Objective: The purpose of our study was to assess the cross-sectional
association between physical activity levels, measured objectively by
accelerometers, and structural knee abnormalities as well as cartilage
T2 relaxation times assessed with 3 Tesla MRI in asymptomatic subjects.
Methods: The study sample consisted of 217 subjects from the OAI
(http://www.oai.ucsf.edu) who met our inclusion criteria and had
accelerometer data at the 48month clinic visit. Inclusion criteria for this
study were: at baseline an age < 70 years, Kellgren-Lawrence (K/L)
score  1 in the right knee and  2 in the left knee, and at 48 months
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain score  1 in both knees and the subject reported that
they did not limit or modify their activities due to knee pain in the past
2 years. MR images of the right knee, obtained using 3.0 Tesla scanners,
were assessed for structural knee abnormalities using a modiﬁed
Whole-Organ Magnetic Resonance Score (WORMS) and for T2-relaxa-
tion times that were calculated from segmented cartilage of the medial
and lateral compartment of the femur and tibia as well as from thePG release (%) p< PG content (mg/gr) p<
13.51.4 25.21.6
p ¼ 0.16 p ¼ 0.39
17.91.9 23.60.3
18.71.4 23.91.6
p ¼ 0.51 p ¼ 0.12
22.24.1 20.21.3
217 right knees)
Recommended – Inactive
P Difference* CI (95%)y P
0.234 0.36 (0.45–1.19) 0.383
0.271 -0.24 (0.68–1.17) 0.597
0.163 0.81 (0.46–2.07) 0.208
0.297 0.79 (0.03–1.62) 0.059
0.291 -0.12 (1.37–1.12) 0.848
0.609 0.37 (0.30–1.05) 0.275
0.531 0.29 (0.33–0.92) 0.35
0.294 -0.22 (1.88-1.44) 0.79
0.241 -0.03 (0.44–0.37) 0.882
0.076 0.41 (0.05–0.88) 0.082
0.022 0.86 (0.15–1.87) 0.061
0.036 0.40 (0.03-0.78) 0.034
0.145 0.92 (0.29–1.55) 0.004
0,192 -0.12 (0.51–0.25) 0.51
0.040 0.52 (0.13–0.91) 0.008
0.326 0.63 (0.35–1.62) 0.205
0.154 0.21 (0.13–0.56) 0.214
d family history for knee replacement. y Conﬁdence interval of 95 %. WORMSmax ¼
artment. WORMS sum compartment ¼ number of subcompartments with positive
